Introduction
============

Based on the UNICEF (1990) conceptual framework, the three aspects that must be considered to improve quality of life in children are food consumption (nutrition), health, and psychosocial stimulation \[[@B1]\]. Furthermore, parenting plays an important role in optimal child development and leads to a normal and independent life. One of parenting aspects that play an important role in child development is the pattern of eating and psychosocial stimulation \[[@B2]\].

The rapid growth and development of children occurs at \< 5 years of age, and the rapid growth phase (growth spurt) of the brain occurs until the age of 18 months \[[@B3]\]. Malnutrition during the period from 1-5 years of age results in a delay in physical growth, motor development, and cognitive developmental disorders. This effect can cause an IQ reduction of 15 points. In addition, a lack of nutrition has an effect on changes in social behavior, decreased attention and learning ability, and poor learning outcomes. The negative impact on cognitive ability occurs not only in malnourished children (severe underweight) but also in short children (stunted) due to chronic malnutrition at an early age \[[@B4]\]. Studies in several countries have revealed that malnutrition at an early age affects children\'s physical growth and brain development \[[@B5]-[@B7]\]. The number of children suffering from underweight and severe underweight has reached 18.4% in Indonesia, and stunted children account for \> 36.8% of children \< 5 years of age \[[@B8]\]. A lost generation will result if the nutritional problem is not resolved.

Children are assets and the future generation. Therefore, they are expected to grow and develop optimally and become adults who are physically, mentally, socially, and emotionally healthy. Children with various potentials can develop optimally and under these conditions. One indicator of high quality human resources is cognitive intelligence (such as IQ). It is a basic factor and key for an individual to succeed in the future.

Cognition is defined as all events and thinking processes of a person that are formed through organization and adaptation \[[@B9]\]. Cognitive development refers to the intellectual ways that individuals adapt to their environment \[[@B10]\]. Cognitive ability develops gradually with physical development and development of the central nervous system, and both innate and environmental factors affect cognitive development \[[@B11]\]. The innate factors refer to the genetic factors existing since conception, whereas environmental factors are those that aid in the cognitive development of children such as nutritional status and psychosocial stimulation \[[@B4],[@B12]\].

Stimulation includes play activity that is sustained to stimulate the left and right brain through all senses and to stimulate the ability to think, communicate, emote, and enjoy music as well as a variety of other infant capabilities. Psychosocial stimulation includes educational stimulation to develop cognitive, physical, and motor and social-emotional abilities of children \[[@B13]\]. The earlier the psychosocial stimulation is provided, the better the results. Despite no conclusive indication as to whether the effect of stimulation on growth and brain development is additive or interactive, children who receive a combination of nutritional intervention and psychosocial stimulation perform better than those who only receive either one. The quality of the brain is not only determined by nutrient intake but is also affected by the quality of environmental stimulation. The more frequent and varied the stimulation received by babies in the womb (gestational age of 6 months) until the age of 2-3 years, the better and stronger will be the relationships between the synapses in the right and left brain \[[@B12]\].

Various studies have indicated that the most rapid period of intellectual development occurs during the first 4-5 years of life \[[@B14]\]. Thus, preschool age is the best time to provide environmental enrichment programs to maximize intellectual development. This study was conducted to identify the socioeconomic characteristics of families, to analyze the nutritional status and cognitive development of preschoolers, to identify psychosocial stimulation levels among preschoolers, and to analyze the factors that influence cognitive development of children at preschool ages.

Subjects and Methods
====================

Location
--------

This study was conducted in the Village of Babakan, Sub-District of Dramaga, Bogor Regency, West Java. Babakan was the research site because the number of children \< 5 years old in the area was quite high, and the percentage of underweight and severe underweight children was above the cut off point set by the Indonesia Health Department, i.e., \> 10% of children experienced underweight and \> 0.5% suffered from severe underweight.

Subjects
--------

This study was cross-sectionally designed and included mothers with preschool children as the respondents. The research subjects were preschoolers aged 3-5 years, selected through random sampling and the following inclusion criteria: (1) preschool children who still had mothers, (2) lived with their mother, and (3) lived in the sub-district of Babakan. Sample size was calculated using the Slovin formula with a error value of 0.1 + 10%. Fifty-eight children were included.

Data collection
---------------

The data included the socio-economic aspects of the households (mother\'s educational level, nutritional knowledgem and family income per capita), participation of children in PAUD (*Pendidikan Anak Usia Dini* = early childhood education \[ECE\]), nutritional status, cognitive development of children at preschool age, and current psychosocial stimulation. The family socioeconomic conditions and child involvement in early childhood education was obtained by questionnaire. The nutritional status of the children was measured anthropometrically. Cognitive development and psychosocial stimulation data were collected using questionnaires and direct observation.

The mother\'s education was divided into four categories of elementary school, junior high school, senior high school, and university or college. The nutritional knowledge instrument consisted of 17 questions and covered food nutritional content, nutrients that affect child intelligence, and child development. Every correct answer was scored 1 and wrong answers were scored 0. The total score was converted into a percentage for the low (\< 60%), moderate (60-79%), and high (\> 80%). categories.

Children\'s nutritional status data i.e., Z score of weight for age (WAZ), Z score of height for age (HAZ), and Z score of weight for height (WHZ) were obtained through direct anthropometric measurements of body weight and height and processed using WHO Anthro 2005 software. Child cognitive development was assessed using a child development instrument developed by the Indonesia Department of National Education. The cognitive development measurements were divided into age groups of 3.5-4.4 years and 4.5-5.4 years. Thirteen items represented aspects of using symbols, understanding identity, understanding causality, the ability to classify, and understanding numbers. All of these aspects illustrate the development tasks during Piaget\'s preoperational cognitive development period \[[@B11]\]. Psychosocial stimulation was measured using the Home Observation for Measurement of the Environment Inventory for children ages 3-6 years and developed by Caldwel and Bradley \[[@B2]\]. This instrument consists of 55 items related to eight aspects: 1) toys and learning materials (learning stimulation), 2) language stimulation, 3) academic stimulation, 4) pride and affection, 5) acceptance (positive punishment), 6) modeling, 7) variety of stimulation, and 8) physical environment. The toys and learning materials (learning stimulation) aspects includes providing children with learning facilities such as puzzles, color cards and drawing books. Language stimulation, academic stimulation, pride and affection and acceptance aspects emphasize the active role of caregivers for providing stimulation for cognitive development. Modeling includes how good the caregiver is as a role model for their children. The variety of stimulation is a combination of facilities and active caregiver roles to enhance children\'s cognitive development. The physical environment includes aspects of the home such as ventilation, lightening, hygiene, and home density. Each item consisted of a positive statement and was scored 1 if the answer was \"yes\" and 0 if the answer was \"no\". Measurements were carried out through interview and observations. Observations were conducted at the time when the researchers interviewed respondents. As many as four respondents were observed each day.

Statistical analysis
--------------------

The scores for the question items for each variable were summed and categorized into intervals. The nutritional status data were analyzed using the WAZ, HAZ, and WHZ indices. The standard used to determine the nutritional status of children \< 5 years of age was that of the National Center for Health Statistics/World Health Organization (WHO).

The psychosocial stimulation data were processed by adding the scores for each dimension, and the total score was categorized into low (0-29), medium (30-45), and high (46-55) \[[@B2]\]. A higher composite score for each dimension and total score indicated better psychosocial stimulation given by the respondents. The children\'s cognitive development data were processed by adding up the scores for each item, which were converted to percentages into low (\< 60%), moderate (60-79%) and high (\> 80%) categories A higher composite score indicated better cognitive development. The highest cognitive development score in children was 100%.

The data were processed through descriptive and inferential analyses and are presented in tables. The descriptive analysis was used to describe the variables examined, whereas the inferential analysis was used to determine the relationships and influence of the variables on child cognitive development. A correlation analysis was used to determine the relationship between two variables consisting of interval and ordinal data, whereas the chi-square analysis was used to determine the relationship between two variables consisting of nominal and ordinal data. The stepwise linear regression test was used to determine which variables significantly affected child cognitive development.

Results
=======

Socioeconomic characteristics of the respondents
------------------------------------------------

### Mother\'s education

The distribution of the mother\'s educational level was quite diverse and the largest percentage (44.8%) occurred in the senior high school category ([Table 1](#T1){ref-type="table"}). Twelve percentage of mothers had successfully completed education to the university level. A total of 8.6% mothers did not complete elementary school, and the remaining 22.4% only completed elementary level education. Although the mother\'s education level was relatively low, all of the mothers could read and write.

### Income per capita

The Central Bureau of Statistics has set a standard that a family in Bogor Regency is classified as poor if its monthly income per capita does not reach 183,067 Indonesian Rupiah \[[@B15]\]. Based on this standard, 77.6% of the families were classified as prosperous families and 22.4% as poor families.

### Mother\'s nutritional knowledge

Knowledge of nutrition is an important prerequisite for changing attitudes and behaviors towards nutrition. The mother\'s nutritional knowledge scores ranged from 7 to 17 or 41% to 100% of the maximum score of 100%. Nearly half of the mothers had relatively good nutritional knowledge (50%), whereas the remaining were moderate (32.8%) or poor (17.2%). The average mother\'s nutritional knowledge score was 76.7 ± 2.5 (moderate category).

Based on the distribution of mother\'s nutritional knowledge about food nutritional content, most mothers (86.4%) answered correctly regarding the benefits of DHA and omega 3 fatty acids in milk. However, many mothers did not know the function of proteins as nutrients. In terms of the distribution of mother\'s nutritional knowledge on child development, 84.7% knew that a minimum weight must be achieved when the child was 2 years old. However, mothers still did not know about the information contained in the KMS (*Kartu Menuju Sehat* = card towards health). Only 66.1% of mothers answered correctly when asked about the function of colored lines on the KMS to monitor body weight in children \< 5 years.

### Child participation in early childhood education (ECE)

The percentage of preschool children not participating in ECE was 55.2%. Of the 44.8% preschool children who had attended ECE, approximately half participated for \> 6 months.

### Nutritional status of the children

The prevalence of thin (wasted) children in terms of the WHZ was 5.2% and very thin (severely wasted) was 3.4%. The prevalence of children in the short and very short categories for HAZ was 19%, and none were in the tall category. Prevalence in the low category based on the WHO stunted category criteria was \< 20%) \[[@B16]\]. The nutritional status of children measured by WAZ showed that 77.6% of preschool children had good nutritional status, 15.5% were underweight, and the remaining were overweight.

### Psychosocial stimulation

Most of the preschool children (84.4%) had moderate (30-45) psychosocial stimulation scores. More than half of the sample had moderate scores for learning stimulation, pride and affection, academic stimulation, modeling, and the variety of stimulation. The language stimulation and acceptance scores generally fell into the high category, whereas almost half of the sample was in the low physical environment category.

Cognitive development of children
---------------------------------

The largest percentage (48.2%) of children was in the moderate cognitive development category (60-79%), and as many as 31.2% of children were in the high category (\> 80%) with the remainder in the low category (\< 60%).

Correlations of various variables with cognitive development
------------------------------------------------------------

The variables tested for their relationships with child cognitive development included mother\'s education, income per capita, mother\'s nutritional knowledge, the participation of children in PAUD (ECE), psychosocial stimulation, and nutritional status. [Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"} present a map of various scores/levels of the children\'s cognitive development related to these categories.

### Mother\'s education and children\'s cognitive development

The result of the chi-square test (*P* = 0.018) showed a significant positive relationship between the mother\'s educational level and children\'s cognitive development ([Table 3](#T3){ref-type="table"}). The children\'s cognitive development level increased with increasing education level of the mother.

### Income per capita and children\'s cognitive development

Children in prosperous families had much higher cognitive development scores (72%) than those in poor families (65.1%). A positive and significant relationship was observed between family income per capita and child cognitive development scores ([Table 2](#T2){ref-type="table"}). Higher per capita family income tended to increase children\'s cognitive development scores. Economically stable families have the opportunity to provide relatively better parenting than those who are not economically independent.

### Mother\'s nutritional knowledge and children\'s cognitive development

A large difference in the child\'s cognitive development scores was observed between mothers with a low/moderate level of nutritional knowledge and those with a high level of nutritional knowledge ([Table 2](#T2){ref-type="table"}). A positive correlation (*P* = 0.011) was observed, indicating that the better the mother\'s nutritional knowledge, the better cognitive development of the child.

### Participation in ECE and child cognitive development

The chi-square test ([Table 3](#T3){ref-type="table"}) showed an association between participation in ECE and child cognitive development (*P* = 0.028). Children who were participating in ECE tended to have higher cognitive development than those without such education.

### psychosocial Stimulation and Children\'s Cognitive Development

[Table 2](#T2){ref-type="table"} shows that the lowest cognitive development was found in children who received poor psychosocial stimulation, whereas children with high psychosocial stimulation scored the highest on cognitive development (*P* \< 0.001). Psychosocial stimulation correlated significantly with child cognitive development ([Table 2](#T2){ref-type="table"}). Furthermore, the psychosocial stimulation dimensions that were positively correlated with cognitive development based on Pearson\'s correlation test were learning stimulation (r = 0.616, *P* = 0.001), academic stimulation (r = 0.420, *P* = 0.001), modeling (r = 0.395, *P* = 0.002), language stimulation (r = 0.378, *P* = 0.003), and stimulus variation (r = 0.286, *P* = 0.028) (data not shown).

### Nutritional status and child cognitive development

Based on the HAZ index, severely stunted children had the lowest cognitive development score (58.3%), which increased with increasing nutritional status category. Similarly, the WAZ index showed an increased cognitive development score in line with increased child nutritional status. This result can be seen from the difference in the cognitive development scores between malnourished children and those with good nutrition. Underweight children had a cognitive development score of 60%, which was much lower than those with normal nutritional status, who had a cognitive development score of 71.3% ([Table 2](#T2){ref-type="table"}). No significant relationship was observed between nutritional status (WHZ) and cognitive development ([Table 2](#T2){ref-type="table"}).

Factors affecting cognitive development
---------------------------------------

The results of stepwise regression tests showed that psychosocial stimulation (*P* \< 0.001), participation in early childhood education (*P* = 0.002), and nutritional status based on the index of height for age (*P* = 0.028) had a positive and significant effect on cognitive development of preschool children (adjusted R^2^, 0.434, *P* = 0.028; [Table 4](#T4){ref-type="table"}). This result indicated that 43.4% of a child\'s cognitive development can be explained by these three variables. Thus, increasingly better psychosocial stimulation, participation in ECE, and nutritional status will further enhance and improve cognitive development of preschool children.

Discussion
==========

Our results show that a mother\'s education played an important role in child cognitive development, as increased mother\'s educational level had an impact on increasing the average cognitive development score in the children. Education initiates the learning experience of an individual, allowing them to better understand various objects, either positive or negative \[[@B17]\]. These results are consistent with a study showing that mother\'s education is an influential factor in the cognitive development of the children \[[@B18]\]. Highly educated mothers are more open to new things because it is easier for them get useful information from the media, so they have a better understanding of child development. This is not the case with poorly educated mothers who have a lack of understanding and tend to dominate their children \[[@B10]\].

Income per capita is the total revenue or income in a family divided by the total number of family members. The higher the family income level, the better the quality of food selected. In our study, higher income per capita tended to lead to better child cognitive development. This result agrees with the view that economically stable families have an opportunity to provide relatively better care than those who are not economically independent \[[@B10]\]. Children from low-income families anywhere in the world are generally those with relatively poor educational stimulation due to their parent\'s limited resources.

Good education of mothers and sufficient income does not provide optimal support for the cognitive development of children without good nutritional knowledge. Our results showed a tendency for mothers with good nutrition knowledge to have children with higher cognitive development scores than those with a moderate or poor level of nutritional knowledge. Mothers who have good nutritional knowledge tend to provide a healthy diet for their children to meet their nutritional needs. This, in turn, positively impacts a child\'s cognitive development.

The prevalence of underweight children was 15.5%. Criteria established by the Health Department of the Republic of Indonesia in 2002 stated that public health problems exist if the prevalence of underweight children is \> 10% and the percentage of wasted children is \> 5%. Thus, our research site had a public health problem indicated by the prevalence of underweight, as wasting cases exceeded the specified cut-off. The results of stepwise regression tests showed that psychosocial stimulation, participation in ECE, and nutritional status of children based on the HAZ index had a significant and positive effect on cognitive development of preschool children. Participation of children in ECE and good psychosocial stimulation improved cognitive development in children.

The intelligence level of a child at the early age determines life direction in adulthood. Therefore, the higher the knowledge and capacity of parents to educate and to care for their children at an early age, the higher is the possibility that parents would be able to provide various constructive stimulations that will accelerate the development of their children\'s intelligence \[[@B4]\]. The development of a child\'s intelligence would be more optimal if they were involved in ECE. Children participating in ECE programs had a much higher cognitive development score than those without such ECE. ECE prepares preschool-aged children for higher education. A study by Balitbang (Center for Research and Development) of the Department of National Education in 1999 showed a positive effect of ECE on school readiness of children. Primary school pupils in the first grade who participate in ECE show significant differences in cognitive development, including readiness to read, write and count, development of self-expression, socio-emotional development, and an ability to help themselves.

Unlike stimulation provided outside the home during ECE, the psychosocial stimulation provided by mothers is within the home environment. The highest percentage of samples in our study was in the moderate psychosocial stimulation category. Psychosocial stimulation is an educational effort to develop cognitive, physical, and motor skills, as well as the social-emotional abilities of children. Piaget\'s cognitive development theory states that preschool children are in the category of preoperational thought that begins with the recognition of symbolic function, i.e., the ability to use something as a symbol to represent something else \[[@B11]\]. Therefore, such stimulation is very important because children are taught the concepts of colors, shapes, and sizes. Furthermore, children are taught about the concept of space and dimensions as well as number recognition. Thus, the greater the stimulation provided, the better the child\'s ability would be to recognize symbols.

Children require some knowledge to analyze the speech they hear; thus, some language knowledge must be introduced at an early age \[[@B19]\]. Most of our sample (83.1%) had a high degree of language stimulation from their mothers. This was characterized by a high proportion of mothers who began to teach their children object names. The children were also taught about apology, thanks, and greeting expressions.

Almost half of the children (45.8%) were in the low physical environment category. This was due to the condition that most families lived together with another family in a single house, resulting in limited mobility. Children need a safe and comfortable environment for growth and development to occur optimally. A study in the slums of Jakarta and Bogor found that inadequate physical environment such as a small house and unclean environment resulted in a greater risk for impaired cognitive, social, and emotional maturation \[[@B2]\].

Learning stimulation is also used to arouse the cognitive development of children. For example, solving puzzles encourages children to think symbolically and connect one event to another \[[@B9]\]. Thus, when a puzzle can be solved by a child, it indicates that they have experienced a cognitive process signaling organization and adaptation. This view was supported by the correlation between learning stimulation and child cognitive development, which demonstrates that learning stimulation had the closest relationship compared to that of the other dimensions.

Good nutritional status improves cognitive development. Underweight children had a much lower cognitive development score than that of normal children ([Table 2](#T2){ref-type="table"}). The results of our study support those of a previous study that found a significant relationship between nutritional status based on weight for age and height for age with mental development in children \< 2 years old \[[@B20]\]. Studies conducted in several countries have revealed that malnutrition suffered by children at an early age has an effect on physical growth and brain development \[[@B5]-[@B7]\]. Furthermore, a review reported that children with nutritional problems at an early age have an IQ deficit of up to 15 points \[[@B21]\]. Research conducted in Bogor on school-aged children during the post recovery of malnutrition at the Nutrition Clinic of the Center for Nutrition Research and Development of Bogor when they were \< 3 years old found an IQ deficit of about 11 points compared to that of normal children.

Malnutrition during early childhood affects growth and development of brain cells so that the number of brain cells decreases. Brain development is greatly affected by nutritional deficiency during pregnancy until the age of 5 years. Children suffering from undernourishment from an early age generally have difficulties facing the future and will potentially have low physical and intellectual ability and low productivity \[[@B22],[@B23]\].

Our results showed that severely stunted preschool age children had the lowest average cognitive development score, i.e., 58.3%. This is an important finding because a stunted condition describes chronic malnutrition. A previous study demonstrated that nutritional status (stunted) has a negative effect on fine and gross motor skills development as well as language skills \[[@B24]\]. Children who are stunted in the first 2 years of life continue to have lower cognitive development compared with normal children after the age of 8-11 years.

Although good nutrition improves a child\'s cognitive development, psychosocial stimulation and the involvement of children in early childhood education also play an important role as an intermediary factor in cognitive development. We conclude that nutritional status and psychosocial stimulation as well as the participation of children in ECE play an important role in the cognitive development of preschool children. Good nutrition can help children prepare themselves to receive optimal psychosocial stimulation. However, optimal cognitive development cannot be achieved if it is only supported with good nutrition without efforts to provide good stimulation as well. The presence of nutritional intervention and psychosocial stimulation is expected to contribute to optimal child cognitive development.
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Categories and distribution of the respondents and children (n = 58)
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Cognitive development scores and correlation with various variables

![](nrp-6-451-i002)

^1)^IDR, Indonesia Rupiah; 10,000 IDR ≒ 1,140 KRW ≒ 1 USD

###### 

Chi-square test of cognitive development score and various variables
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^1)^Significance determined by the χ^2^ test, F value = 5.569, *P*-value = 0.018

^2)^Significance determined by the χ^2^ test, F value = 4.852, *P*-value = 0.028
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Stepwise regression analysis with child cognitive development as the dependent variable
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